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(54) Combustor 

(57) A connbustor (10) includes a burner (21) and a 
combustion chamber (10a) including a heat chamber 
(11 ) to which fuel is supplied from the burner. The burner 
includes a nozzle (22) having a fuel discharge outlet (23) 
from which the fuel is discharged into the combustion 
chamber; and the nozzle includes a plurality of dis- 



charge openings (25, 25a, 25b, 25c) around the fuel dis- 
charge outlet from which cooling water is discharged to- 
ward inside surfaces of the heat chamber. The plurality 
of discharge openings may be disposed so that the di- 
rections of the cooling water discharged from the dis- 
charge openings differ in the radial direction. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

[0001] The present invention relates to a combustor. 
More specifically, the present invention relates to a com- 
bustor, such as a gas turbine combustor, which transfers 
a combustion gas from a burner to a combustion cham- 
ber and actuates a turbine by using the combustion gas. 

Description of Related Art 

[0002] In general, a gas turbine includes a compres- 
sor, a combustor, and a turbine as its main constituents, 
and the compressor and the turbine are directly con- 
nected to each other by a main shaft. The combustor is 
connected to a discharge opening of the compressor, 
and a working fluid discharged from the compressor is 
heated to predetermined turbine inlet temperature by 
the combustor. The working fluid of high temperature 
and high pressure supplied to the turbine passes be- 
tween a stationary blade and a moving blade, which is 
attached to the main shaft side, and expands. In this 
manner, the main shaft is rotated and an output is ob- 
tained. For the case where a gas turbine is used, since 
a brake power from which power consumed by a com- 
pressor is subtracted is obtained, it may be used as a 
good driving source by connecting a generator, etc., to 
the other end of the main shaft. 

[0003] A schematic structure of a gas turbine combus- 
tor will be explained as follows by using an oil firing com- 
bustor as an example. 

[0004] In FIG. 10. the numeral 10 indicates an oil firing 
combustor. In the combustor 10, a premix nozzle 12 is 
provided along the central axis of a heat chamber 11 . A 
pilot burner 1 3 is disposed at the center portion of the 
premix nozzle 12, and a plurality of main burners 1 are 
disposed with an equal interval between each other so 
as to surround the pilot burner 13. Accordingly, the cen- 
tral axis of the pilot burner 13 coincides with the central 
axis of the heat chamber 11 . 

[0005] Fuel Is supplied to the pilot burner 1 3 via a pilot 
fuel pipe 14, and a pilot fuel discharged from a pilot fuel 
nozzle 14a, which is disposed at an end portion of the 
pilot burner 13, is combusted in a combustion chamber 
10a in the heat chamber 11 using a swirling air flow as 
combusible air. The fiame of the pilot bumer 13 thus 
generated Is used as an Ignition source for a main bum- 
er 1 which will be described below. 
[0006] Each of the main burners 1 for the premix noz- 
zle 12 includes a main fuel supply duct 2, which Is con- 
nected to a fuel supply source not shown in the figure, 
and a main swirler 5, which swiris an air flow passing 
through an outer periphery portion of the main fuel sup- 
ply duct 2. 

[0007] The main burner 1 discharges the fuel, which 
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is introduced via the main fuel supply duct 2, from a fuel 
discharge outlet so that a premixed gas may be pro- 
duced by pre mixing the fuel with the air flow. The 
premixed gas is discharged from each of the main burn- 
ers 1 and flows around the pilot burner 13 as a swiriing 
flow. The premixed gas is ignited by the above-men- 
tioned flame of the pilot burner 13 used as the flaming 
source. 

[0008] Also, the heat chamber 11, which forms the 
combustion chamber 10a of the combustor 10, has a 
structure in which a plurality of rings 15 are coupled, 
each of the rings 15 being formed by plate fins having 
a passage for introducing air at the outer periphery side 
into the inside along the inner surface as cooling air. A 
combustion process is carried out in the combustion 
chamber 10a, which is formed by the plurality of rings 
15, and the generated combustion gas Is transferred to 
a downstream side as a swiriing flow to actuates a tur- 
bine, etc. 

[0009] In the figure, the rings 15 forming the heat 
chamber 11 includes a first ring 15a, a second ring 1 5b, 
and a third ring 15c in order from the premix nozzle 12. 
[001 0] In the gas turbine having the above-mentioned 
combustor 10, when the output thereof is increased, an 
amount of the fuel supplied is also increased. In such a 
case, the temperature of the combustion chamber 10a 
is also increased due to the combustion of the larger 
amount of the fuel. For this reason, spraying a cooling 
water into the combustion chamber 10a is convention- 
ally carried out in accordance with the amount of fuel 
supplied in order to control the temperature of the com- 
bustion gas. which is transferred to the turbine located 
at the downstream side, and increase the output thereof. 
[0011] That is, the output of a gas turbine is deter- 
mined by the turbine inlet temperature and the amount 
of gas supplied. Thus, when an output larger than pos- 
sible at the temperature at that time is required, for in- 
stance, in summer, the amount of fuel supplied is in- 
creased. However, since the allowable temperature for 
a combustor or a turbine is already determined, the tur- 
bine inlet temperature is decreased to a design temper- 
ature by supplying water or water vapor Into the air. In 
other words, the temperature of a combustion gas is de- 
creased by increasing an amount of gas by water or wa- 
ter vapor injection so as to maintain a constant temper- 
ature, and the output is increased by supplying a large 
amount of fuel. 

[0012] As mentioned above, although in the above- 
mentioned combustor 10, the temperature of the com- 
bustion gas transferred to the turbine Is controlled by 
introducing the cooling water into the combustion cham- 
ber 10a in order to increase the output of the turbine, 
the temperature of the rings 15 forming the heat cham- 
ber 11 becomes high, partlculariy in case of an oil firing 
combustor, due to, for instance, the difference in the va- 
porizing rate between the fuel and the cooling water. 
[0013] That is, for instance, in a low NO^ combustor 
for a 1400 °C-level gas turbine, the ratio of air used for 
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combustion is high in order to decrease a main flame 
temperature to achieve a low NO^ level. For this reason, 
it is necessary to cool down the surfaces thereof using 
a very small amount of air. for instance, only about 3.5%. 
Although the temperature of the surfaces may be de- s 
creased to an allowable temperature using such a low 
amount of cooling air if a gaseous fuel is used, the tem- 
perature of the surfaces is increased when the load of 
the gas turbine exceeds a certain level, if a liquid fuel is 
used due to an insufficient uniformity between the air 
and the fuel, a high radiation, etc., and the life of the 
turbine Is shortened. This is because when a liquid fuel 
is used, a mixing state of the fuel which is the same level 
as that of a liquid fuel cannot be obtained because of its 
large density which increases penetration and the wide 
range of particle size distribution when sprayed. 
[0014] Accordingly, it is insufficient to carry out a cool- 
ing process using only a film cooling or a convection 
cooling, and there is a danger that the temperature will 
be drastically increased, particularly for the second ring 
15b and the third ring 15c forming the downstream sec- 
tion of the heat chamber 11. 

SUIVIiVIARY OF THE INVENTION 

[001 5] The present invention takes into consideration 
the above-mentioned circumstances, and has as an ob- 
ject providing a combustor which is capable of prevent- 
ing heat from damaging a heat chamber of a combustor 
while enabling to increase an output thereof. 
[0016] In order to achieve the above object, the 
present invention provides a combustor, including: a 
burner; and a combustion chamber including a heat 
chamber to which fuel is supplied from the burner, 
wherein the bumer includes a nozzle having a fuel dis- 
charge outlet from which the fuel is discharged into the 
combustion chamber; and the nozzle includes a plurality 
of discharge openings around the fuel discharge outlet, 
from which cooling water is discharged toward inside 
surfaces of the heat chamber. 

[0017] In accordance with another aspect of the in- 
vention, the fuel discharge outlet is formed at the center 
of the nozzle. 

[0018] According to the above combustor, since the 
cooling water is discharged from the discharge open- 
ings disposed around the fuel discharge outlet which is 
formed at the center of the nozzle and the cooling water 
is sprayed onto the inside surfaces of the heat chamber, 
it becomes possible to reliably cool down the heat cham- 
ber. 

[0019] For this reason, the heat damaging the heat 
chamber due to an increase in the combustion temper- 
ature may be reliably prevented even if an amount of 
fuel supplied is increased in order to increase the output 
of a turbine. Accordingly, this technique is suitable ap- 
plied to an oil firing combustor whose temperature at the 
downstream side of the heat chamber is easily in- 
creased if cooling water is simply sprayed into the com- 



bustion chamber due the difference in the vaporization 
rate between the fuel and the cooling water. 
[0020] In yet another aspect of the invention, the plu- 
rality of discharge openings are disposed so that the di- 
rections of the cooling water discharged from the dis- 
charge openings differ in the radial direction. 
[0021] According to the above combustor, since the 
directions of the cooling water discharged from the dis- 
charge openings differ in the radial direction, the cooling 
water may be directed to various places in the axial di- 
rection of the inside surfaces of the heat chamber. Ac- 
cordingly, it becomes possible to thoroughly cool down 
the heat chamber. 

[0022] In yet another aspect of the invention, the plu- 
rality of discharge openings comprises an outer circum- 
ferential discharge opening which is formed toward the 
peripheral portion of the nozzle, a central discharge 
opening which is formed along the axial direction of the 
nozzle, and an inner circumferential discharge opening 
which is formed toward the center of the nozzle. 
[0023] According to the above combustor, since the 
discharge openings include the outer circumferential 
discharge openings which are formed toward the pe- 
ripheral portion of the nozzle, the central discharge 
openings which are formed along the axial direction of 
the nozzle, and the inner circumferential discharge 
openings which are formed toward the inside of the noz- 
zle, the cooling water discharged from the outer circum- 
ferential discharge opening is not affected by the fuel 
discharged from the discharge outlet at the center of the 
nozzle of the burner and reaches positions at the inside 
of the combustion chamber further away from the burn- 
er, the cooling water discharged from the central dis- 
charge opening is more or less affected by the fuel dis- 
charged from the discharge outlet and the course of the 
cooling water is curved toward the periphery of the noz- 
zle so that the cooling water reaches positions at the 
Inside of the combustion chamber closer to the burner, 
and the cooling water discharged from the inner circum- 
ferential discharge opening is most affected by the fuel 
discharged from the discharge outlet and reaches posi- 
tions at the Inside of the combustion chamber closest to 
the bumer. Accordingly, it becomes possible to thor- 
oughly spray the cooling water, which is discharged from 
the discharge openings, onto the inside surfaces of the 
heat chamber so that the heat damaging the heat cham- 
ber by heat may be reliably prevented. 
[0024] In yet another aspect of the invention, the di- 
rections of the cooling water discharged from the dis- 
charge openings differ by using swiriing angles of the 
discharge openings. 

[0025] According to the above combustor, if a dis- 
charge opening is formed towards the inside with re- 
spect to an axial direction so as to have a large swiriing 
angle taking into account envelopes, the cooling water 
is discharged In an inward direction at first and then 
changes to an outward. Accordingly, by changing com- 
binations of the axial directions, swiriing angles, etc., of 
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the discharge openings, it becomes possible to design 
the discharging directions of cooling water so as to be 
suitable for a particular system used. 
[0026] In yet another aspect of the invention, the com- 
bustor further includes: a water discharging device 
which discharges cooling water toward the outside sur- 
faces of the combustor, the water discharging device be- 
ing disposed at the outside of the combustor. 
[0027] According to the above combustor, since the 
water discharging device which discharges cooling wa- 
ter toward outside surfaces of the combustor is provid- 
ed, the temperature of gas and that of the surfaces of 
the heat chamber may be decreased and the output of 
the turbine may be Increased. 

[0028] In yet another aspect of the invention, a part of 
the water discharged from the water discharging device 
is mixed in air used for cooling the surfaces of the heat 
chamber, and a part of the water discharged from the 
water discharging device is mixed with air used for com- 
bustion so that the temperature of gas and that of the 
surfaces of the heat chamber may be decreased. 
[0029] According to the above combustor, since a part 
of the water discharged from the water discharging de- 
vice is mixed with the air used for cooling the surfaces 
of the heat chamber, and a part of the water discharged 
from the water discharging device Is mixed with the air 
used for combustion, the temperature of gas and that of 
the surfaces of the heat chamber may be decreased, 
and hence, the output of the turbine may be increased. 
[0030] In yet another aspect of the invention, the wa- 
ter discharging device discharges water into air used for 
combustion so that the water is vaporized in the air to 
decrease the temperature of gas, and a part of the water 
which is not vaporized flows along a swtriing air flow to 
be adheres to surfaces of the combustor to decrease 
the temperature thereof. 

[0031 ] According to the above combustor, the water 
discharged from the water discharging device is used 
for combustion so that the water is vaporized in the air 
to decrease the temperature of the gas. Also, a part of 
the water which is not vaporized flows along the swirling 
air flow and attached to the surfaces of the combustor 
to decrease the temperature thereof. In this manner, the 
temperature of gas and that of the surfaces of the heat 
chamber are decreased and the output of the turbine 
may be increased. Accordingly, it becomes possible to 
prevent reliably the heat from damaging the heat cham- 
ber due to an increase In the combustion temperature 
even if an amount of fuel is increased in order to in- 
crease the output of the system. 
[0032] In yet another aspect of the invention, the com- 
bustor is an oil firing combustor. 
[0033] The structure of a combustor explained above 
is suitable, particularly, for an oil firing combustor whose 
temperature at the downstream side of the heat cham- 
ber tends to be Increased, if cooling water is simply 
sprayed into the combustion chamber, due to the differ- 
ence in the vaporization speed between the fuel and the 



cooling water. 

BRIEF DESCRIPTION OF THE DRAWINGS 

s [0034] Some of the features and advantages of the 
invention have been described, and others will become 
apparent from the detailed description which follows and 
from the accompanying drawings, in which: 

10 FIG. 1 is a diagram showing a schematic cross-sec- 
tional view of a combustor according to an embod- 
iment of the present invention for explaining a struc- 
ture and elements thereof; 

FIG. 2 is a diagram showing a cross-sectional view 
15 of a pilot fuel nozzle provided with the combustor 
according to the embodiment of the present inven- 
tion for explaining the structure thereof; 
FIG. 3 Is a diagram showing a front view of the pilot 
fuel nozzle provided with the combustor according 
20 to the embodiment of the present invention for ex- 
plaining the structure thereof; 
FIG. 4 Is a diagram showing a partial cross-section- 
al view of the pi lot fuel nozzle provided with the com- 
bustor according to the embodiment of the present 
25 invention for explaining directions of cooling water 
discharged from the nozzle; 
FIG. 5 is a diagram also showing a partial cross- 
sectional view of the pilot fuel nozzle provided with 
the combustor according to the embodiment of the 
30 present Invention for explaining directions of cool- 
ing water discharged from the nozzle; 
FIG. 6 is a diagram also showing a partial cross- 
sectional view of the pilot fuel nozzle provided with 
the combustor according to the embodiment of the 
35 present Invention for explaining directions of cool- 
ing water discharged from the nozzle; 
FIG. 7 Is a diagram showing a schematic cross-sec- 
tional view of a combustor according to another em- 
bodiment of the present invention provided with a 
40 water discharging device; 

FIG. 8 Is a diagram showing a schematic cross-sec- 
tional view of a combustor according to yet another 
embodiment of the present invention provided with 
the water discharging device; 
45 FIG. 9 is a diagram showing a schematic cross-sec- 
tional view of a combustor according to yet another 
embodiment of the present Invention provided with 
the water discharging device; and 
FIG. 10 Is a diagram showing a schematic cross- 
50 sectional view of a conventional combustor for ex- 
plaining a structure and elements thereof. 

DETAILED DESCRIPTION OF THE INVENTION 

55 [0035] The invention summarized above and defined 
by the enumerated claims may be better understood by 
referring to the following detailed description, which 
should be read with reference to the accompanying 
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drawings. This detailed description of particular pre- 
ferred embodiments, set out below to enable one to 
build and use particular implementations of the inven- 
tion, is not intended to limit the enumerated claims, but 
to serve as particular examples thereof. 
[0036] Note that in the following figures, elements 
which are the same as the ones described in the prior 
art are enumerated using the same numerals and the 
explanation thereof is omitted. 

[0037] In FIG. 1 , the numeral 21 indicates a pilot burn- 
er having a cooling water discharging function. In the 
pilot burner 21, cooling water is discharged from a pilot 
fuel nozzle 22 which is disposed at the end portion of 
the pilot bumer 21 at the same time fuel is discharged. 
[0038] Next, a stmcture of the pilot fuel nozzle 22 will 
be described in detail. 

[0039] As shown in FIGS. 2 and 3, a fuel discharge 
outlet 23 is formed at the center of the pilot fuel nozzle 

22 so that the fuel is discharged from the fuel discharge 
outlet 23. 

[0040] An annular flow path 24 is formed around the 
fuel discharge outlet 23 of the pilot fuel nozzle 22, and 
cooling water is transferred to the annular flow path 24 
via a supply passage which is not shown in the figure. 
[0041] Also, a plurality of discharge openings 25 
which communicate with the annular flow path 24 are 
formed at the end face of the pilot fuel nozzle 22 so that 
the cooling water introduced into the annular flow path 
24 is discharged from the discharge openings 25. 
[0042] In this embodiment, the discharge openings 25 
include outer circumferential discharge openings 25a, 
central discharge openings 25b. and inner circumferen- 
tial discharge openings 25c. The outer circumferential 
discharge openings 25a are formed toward the periph- 
eral portion of the pilot fuel nozzle 22. The central dis- 
charge openings 25b are formed along the axial direc- 
tion of the nozzle 22, and the inner circumferential dis- 
charge openings 25c are formed toward the center of 
the nozzle 22. 

[0043] Next, an explanation is made for discharging 
cooling water from the discharge openings 25. 
[0044] When cooling water is introduced in a state 
where the fuel is discharged from the discharge outlet 

23 at the center of the nozzle 22, the cooling water is 
discharged from each of the discharge openings 25 into 
the combustion chamber 10a. 

[0045] As shown in FIG. 4, the cooling water dis- 
charged from the outer circumferential discharge open- 
ings 25a is not affected by the fuel discharged from the 
discharge outlet 23, and reaches a position at the inside 
of the combustion chamber 10a further away from the 
pilot burner 21 and the main bumer 1. 
[0046] Also, as shown In FIG. 5, the cooling water dis- 
charged from the centra! discharge openings 25b is 
slightly affected by the fuel discharged from the dis- 
charge outlet 23 and the course of the cooling water is 
curved toward the periphery of the nozzle 22. Accord- 
ingly, the cooling water reaches a position at the inside 



of the combustion chamber 1 0a closer to the pilot burner 
21 and the main bumer 1 , as compared with the position 
of cooling water discharged from the outer circumferen- 
tial discharge opening 25a. 

s [0047] Moreover, as shown in FIG. 6. the cooling wa- 
ter discharged from the inner circumferential discharge 
openings 25c is most affected by the fuel discharged 
from the discharge outlet 23 and the course of the cool- 
ing water curves strongly toward the periphery of the 

10 nozzle 22. Accordingly, the cooling water reaches a po- 
sition at the inside of the combustion chamber 10a clos- 
est to the pilot bumer 21 and the main burner 1. 
[0048] In this manner, it becomes possible to thor- 
oughly spray the cooling water discharged from each of 

IS the discharge openings 25 directly onto the first ring 1 5a, 
the second ring 15b, and the third ring 15c forming the 
heat chamber 11 shown in FIG. 1. 
[0049] Note that although the directions of cooling wa- 
ter discharged from the discharge openings 25 are var- 

20 ied by providing three different types of discharge open- 
ings, namely, the outer circumferential discharge open- 
ings 25a, the central discharge openings 25b, and the 
inner circumferential discharge openings 25c in the 
above embodiment, it is possible to change the dis- 

25 charging directions of cooling water by using swiriing an- 
gles of the discharge openings 25. 
[0050] For example, if a discharge opening is formed 
towards inside with respect to an axial direction so as to 
have a large swiriing angle taking into account enve- 

30 lopes, the cooling water is discharged in an inward di- 
rection at first and then changes to an outward. Accord- 
ingly, by changing combinations of the axial directions, 
swiriing angles, etc.. of the discharge openings, it be- 
comes possible to design the discharging directions of 

35 cooling water so as to be suitable for a particular system 
used. 

[0051 ] As explained above, according to the combus- 
tor 1 0 including the pilot fuel nozzle 22 having the above- 
mentioned structure, it becomes possible to cool down 

40 the heat chamber 11 reliably by spraying the cooling wa- 
ter onto the inside surfaces of the heat chamber 1 1 from 
the discharge openings 25 which are provided around 
the fuel discharge outlet 23 disposed at the center of the 
pilot fuel nozzle 22 of the pilot burner 21 . 

45 [0052] Next, another embodiment according to the 
present invention will be explained with reference to 
FIGS. 7 through 9. 

[0053] In FIG. 7, the combustor is provided with a wa- 
ter discharging device 16. The water discharging device 

so 16 is disposed at the outside of the combustor and dis- 
charges water toward the outside surface of the com- 
bustor. Also, a part of the water discharged from the wa- 
ter discharging device 16 is mixed in air used for cooling 
the surfaces of the heat chamber 11. Moreover, a part 

55 of the water discharged from the water discharging de- 
vice 16 Is mixed with air used for combustion. In this 
manner, the temperature of gas and that of the surfaces 
of the heat chamber 11 are decreased and the output of 
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the turbine may be increased. 
[0054] In FIGS. 8 and 9, the water discharging device 
1 6 discharges water into air used for combustion so that 
the water is vaporized in the air to decrease the temper- 
ature of the gas. Also, a part of the water which Is not s 
vaporized flows along the swirling air flow and adheres 
to the surfaces of the combustor to decrease the tem- 
perature thereof. In this manner, the temperature of gas 
and that of the surfaces of the heat chamber 11 are de- 
creased and the output of the turbine may be Increased. 
[0055] Accordingly, it becomes possible to prevent re- 
liably heat from damaging the heat chamber 11 due to 
an Increase in the combustion temperature even if an 
amount of fuel is increased In order to increase the out- 
put of the system. Thus, the structures explained above 
are suitable, particularly, for the oil firing combustor 10 
whose temperature at the downstream side of the heat 
chamber 11 tends to be increased, if cooling water is 
simply sprayed into the combustion chamber 10, due to 
the difference in the vaporization speed between the fu- 
el and the cooling water. 

[0056] Also, since the direction of the discharge open- 
ings 25 differs in the radial direction in accordance with 
the needs, the cooling water discharged from each of 
the discharge openings 25 can be directed to various 
places of the inside surfaces of the heat chamber 1 1 . 
Accordingly, it becomes possible to cool down the heat 
chamber 11 thoroughly. 

[0057] More specifically, as mentioned above, since 
the discharge openings 25 include the outer circumfer- 
ential discharge openings 25a which are formed toward 
the peripheral portion of the pilot fuel nozzle 22, the cen- 
tral discharge openings 25b which are formed along the 
axial direction of the nozzle 22, and the inner circumfer- 
ential discharge openings 25c which are formed toward 
the inside of the nozzle 22, the cooling water discharged 
from the outer circumferential discharge opening 25a is 
not affected by the fuel discharged from the discharge 
outlet 23 at the center of the pilot fuel nozzle 22 of the 
pilot burner 21 and reaches positions at the inside of the 
combustion chamber 10a further away from the pilot 
bumer21 and the main bumer 1, the cooling water dis- 
charged from the central discharge opening 25b is more 
or less affected by the fuel discharged from the dis- 
charge outlet 23 and the course of the cooling water 
curves toward the periphery of the nozzle 22 so that the 
cooling water reaches positions at the inside of the com- 
bustion chamber 10a closer to the pilot bumer 21 and 
the main burner 1. and the cooling water discharged 
from the inner circumferential discharge opening 25c is 
most affected by the fuel discharged from the discharge 
outlet 23 and reaches positions at the inside of the com- 
bustion chamber 10a closest to the pilot bumer 21 and 
the main burner 1 . Accordingly, it becomes possible to 
spray the cooling water, which is discharged from the 
discharge openings 25, thoroughly onto the inside sur- 
faces of the heat chamber 11 so that the heat damaging 
the heat chamber 11 may be reliably prevented. 



[0058] As explained above, according to the present 
invention, the following effects may be obtained. 
[0059] According to a first aspect of the invention, 
since the cooling water is discharged from the discharge 
openings disposed around the fuel discharge outlet 
which is formed at the center of the nozzle and the cool- 
ing water is sprayed onto the inside surfaces of the heat 
chamber, it becomes possible to reliably cool down the 
heat chamber. For this reason, the heat damaging the 
heat chamber due to an increase in the combustion tem- 
perature may be reliably prevented even if an amount 
of fuel supplied is increased in order to increase the out- 
put of a turbine. Accordingly, this technique is suitable 
applied to an oil firing combustor whose temperature at 
the downstream side of the heat chamber is easily in- 
creased if cooling water is simply sprayed into the com- 
bustion chamber due the difference in the vaporization 
rate between the fuel and the cooling water. 
[0060] According to another aspect of the invention, 
since the directions of the cooling water discharged from 
the discharge openings differ in the radial direction, the 
cooling water may be directed to various places in the 
axial direction of the inside surfaces of the heat cham- 
ber. Accordingly, it becomes possible to thoroughly cool 
down the heat chamber. 

[0061] According to yet another aspect of the inven- 
tion, since the discharge openings include the outer cir- 
cumferential discharge openings which are formed to- 
ward the peripheral portion of the nozzle, the central dis- 
charge openings which are formed along the axial di- 
rection of the nozzle, and the inner circumferential dis- 
charge openings which are formed toward the inside of 
the nozzle, the cooiing water discharged from the outer 
circumferential discharge opening is not affected by the 
fuel discharged from the discharge outlet at the center 
of the nozzle of the bumer and reaches positions at the 
inside of the combustion chamber further away from the 
bumer, the cooling water discharged from the central 
discharge opening is more or less affected by the fuel 
discharged from the discharge outlet and the course of 
the cooling water is curved toward the periphery of the 
nozzle so that the cooling water reaches positions at the 
inside of the combustion chamber closer to the bumer, 
and the cooling water discharged from the inner circum- 
ferential discharge opening is most affected by the fuel 
discharged from the discharge outlet and reaches posi- 
tions at the inside of the combustion chamber closest to 
the burner. Accordingly, it becomes possible to thor- 
oughly spray the cooling water, which is discharged from 
the discharge openings, onto the inside surfaces of the 
heat chamber so that damage given to the heat chamber 
by heat may be reliably prevented. 
[0062] Having thus described example embodiments 
of the invention, it will be apparent that various altera- 
tions, modifications, and improvements will readily oc- 
cur to those skilled in the art. Such alterations, modifi- 
cations, and improvements, though not expressly de- 
scribed above, are nonetheless intended and implied to 
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be within the spirit and scope of the invention. Accord- 
ingly, the foregoing discussion is intended to be illustra- 
tive only; the invention is limited and defined only by the 
following claims and equivalents thereto. 



the surfaces of said heat chamber, and a part of the 
water discharged from said water discharging de- 
vice is mixed with air used for combustion so that 
the temperature of gas and that of the surfaces of 
said heat chamber may be decreased. 



Claims 

1. A combustor (10), comprising: 
a burner (21); and 

a combustion chamber (10a) including a heat 
chamber (1 1 ) to which fuel is supplied from said 
burner, wherein 

said burner includes a nozzle (22) having a fuel 
discharge outlet (23) from which the fuel is dis- 
charged Into said combustion chamber; and 
said nozzle includes a plurality of discharge 
openings (25, 25a, 25b, 25c) around said fuel 
discharge outlet, from which cooling water is 
discharged toward inside surfaces of said heat 
chamber. 



8. A combustor as set forth in claim 6, wherein 

said water discharging device discharges wa- 
ter into air used for combustion so that the water is 
10 vaporized In the air to decrease the temperature of 
gas, and a part of the water which is not vaporized 
flows along a swirling airflow to be adheres to sur- 
faces of said combustor to decrease the tempera- 
ture thereof. 

IS 

9. A combustor according to any of the preceding 
claims, 

wherein said combustor is an oil firing com- 
bustor. 

20 



2. A combustor as set forth in claim 1, wherein said 
fuel discharge outlet is formed at the center of said 25 
nozzle. 



3. A combustor as set forth in claim 1 , wherein 

said plurality of discharge openings are dis- 
posed so that the directions of the cooling water dis- 30 
charged from said discharge openings differ In the 
radial direction. 



4. A combustor as set forth in claim 3, wherein 

said plurality of discharge openings compris- 3S 
es an outer circumferential discharge opening (25a) 
which is formed toward the peripheral portion of 
said nozzle, a central discharge opening (25b) 
which is formed along the axial direction of said noz- 
zle, and an inner circumferential discharge opening 40 
(25c) which is formed toward the center of said noz- 
zle. 



5. A combustor as set forth in claim 3, wherein the di- 
rections of the cooling water discharged from said 45 
discharge openings differ by using swirling angles 

of said discharge openings. 

6. A combustor according to any of the preceding 
claims, further comprising so 

a water discharging device (16) which dis- 
charges cooling water toward the outside surfaces 
of said combustor. said water discharging device 
being disposed at the outside of the combustor. 

55 

7. A combustor as set forth in claim 6. wherein 

a part of the water discharged from said water 
discharging device Is mixed in air used for cooling 
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FIG. 3 
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